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© Method and apparatus for waste incineration. 

^rtTl^^^l^l?^^ P r C,i ° n ° f di ° XinS Wherei " — - -ter * 
incineration, including a in for supplyino maTn coZTS TT* PraCtidn9 the method of ««• 

recycled combustion gas, to °h inSerLT rom I.nw t" T ° " With 3 line for "PP^ 

vapor or water in commun cation w,"h Ste or Ls * ^ " With * Hne f0f -ter 
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FIELD OF THE INVENTION AND RELATED ART STATEMENT 
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25 



industry and other wastes ^ustr.al wastes, sewage, human wastes, sludges from paper 

apparatus there, or " ° r9an ' C C ° mP ° UndS COntai ™9 ch,ori "- compound, and also to 'an 

75 OBJECTS AND SUMMARY OF THE INVENTION 

The invention realizes the object by providing- p as ' 

reac^nfoTml 8 - * deC ° mp ° Siti ° n and contraI * toxins is presumably represented by an overall 
45 C m H n + mH 2 0 — mCO + (n/2 + m)H 2 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

bS ISneST^ dia9ram " *" emb0diment of ,he ***** invention as applied to a f.uidized- 
Sine'Jtor! SCh6matiC °* *" ^ embodimen ' of *» -enticn as applied to a stoker -fired 
M indne'rafor 3 """^ ™ " * hW embodiment °< *• mention as app.ied to a fluidized - bed 
Fig. 4 is a schematic view of the fourth embodiment of the invention as. app.ied to a rotary kiln; 
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inler^or; V6rtiCa ' SeCti ° nal *™ ° f ^ emb0diment of the invention - applied to a fluidized - bed 
Fig. 6 is a cross sectional view of the fifth embodiment; 

Rg. 7 is a sectional view of a water spray nozzle for use in the present invention- 
Fig. 8 « a flow chart of a testing equipment used to confirm the effects of the invention- and 

cLLltiL Sh ° Win9 *" re,at '' 0n the Wat8r VaROr in * ction rate and the dioxins 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

^V? 1 embodiment ' the P' esent invention as applied to a fluidized - bed incinerator for municioal 
rTTnZ *" 9 ° r9aniC W f es that ««t-n chlorine compounds will now be described ttoZZZ to 
fan 4 a flue 9 7r 1 d6Si9nateS 3 waste ,eed -- 2 a "-dized - bed incinerator, 3 a f.uS.ng a° 

fan, 4 a flue gas-c,rculat,ng blower, 5 a secondary - air fan, 6 an ash cooler 7 an ash hoooer ft a h«»t 

" reC "he e ;;u 9 e a oIs Je c 9aS I"? "^i" 9 ^ " 3 ^ ^ 12 a ^ 

The flue gas - circulating blower 4 and secondary - air fan 5 are driven when necessary 

Water vapor or water is supplied at the points shown in Fig. 1. The construction is such that it r*n h« 
injected into either (A) a fluidizing - air line or (B) a flue gas - circulating line * ^ * 

. Wastes to be incinerated are fed via the feeder 1 to the fluidized - bed incinerator 2 Fluidizino air 
waT s ry h a ' r) I °TT atmOSpheric ai ' "PP"- ^ the fluidizing -air fan 3. DepTdTng on telloi 
wastes being handled, treated flue gas is supplied as a part of primary air by the flue gas- drcSna 
blower 4 to the wind box assembly 12 to adjust the percentage of excess air and the ufdized sta e i n 2 
f.u,d,zed-bed zone. In that case multistage combustion is carried out. effecting 

. Z^.^^^Z^r^ - - — n in tbe S 

30 _ J" ex P er, ments with the apparatus described above, water vapor or water was sprayed over the 

SlTVV 0 CaPtUre di ° XinS ,hat are Pr0duced b * the of waste ^ contain^ chlorne 

compounds. It was confirmed that up to 99.1% of the dioxin contents was thus removed 

-mJ f °. Water ' ° r W3ter V3p0r 33 water ' added was ' in terms of the molar weight to the carbon 

amount ,„ the combustibles, 0.88 (H 2 0/C molar ratio). The combustion temperatures were as gTvenln Table 
35 1 • The properties of the treated gas. also shown in the table, reflected favorable low - po.iutio nSerat^n 
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| Item 


With water adde 
in accordance 
with the 
invention 


d Without water 
addition 
as usual 


Furnace outlet 
[ air ratio * 


i. 6 8 


1.62 


I Amount of water addec 
(H a 0 mol /C moi ) 


1 0. 8 8 


0 


Temperature inside 
the riuidized bed 


6 7 2 t 


j 8 9 8 t 


Freeboard temperature 


930-10O0t 


1 950—9901: 


Rete 
or a 


ntion time at 
Lbove 850°C 


ab . 2 sec. j 


ab. 2 sec. 


ce outlet gas composition 


0, 


8.4 9% 


8. 0 2% 


CO, 


12.37% 


12.8% 


CO 


4 5 p p m 


2 5 p p m 


NOx 


6 9 p p m j 


7 2 p p m 


Furria 


Dioxins 


6 0 ng/Nm s 


C 5 0 0 ng/J»Vn s 
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Furnace outlet air ratio = 

quantity of actually supplied air/theoretical 

combustion air quantity 



n fig 2 is shown the second embodiment of the invention as applied to a stoker -fired incinerator 
n L - p Ur ?-; l S 3 ' eed h ° PPer f ° r introducin 9 waste to be incinerated, 22 is a feeding chute, 23 24 

ss fnd h t P T y ° St0k6r UnitS arrang6d StepWiSe ' 26 is a dra « ,ine for f °rcing primary air nto the 
55 ,nd.v,dual stoker unrts. and 27 is an ash conveyor installed beneath the stoker units 

« ! „nn. l Pra L n022 . ,e 28 iS Pr ° Vided in the Upper part of the com °ustion chamber above the stoker and is 
suppl.ed with water or water vapor by a supply line 29. A line 29a branches off from the line 29 into 
communication with the draft line 26. 
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Waste to be incinerated is introduced through the feed hopper 21 and feeding chute 22 into the 
furnace, burned by the stoker units 23, 24, 25. and discharged in the form of ash. Here water or water vapor 
as an agent to be injected is forced into the primary air draft line 26 or into the main combustion zone 31 
above the stoker. 

s Rg- 3 illustrates the third embodiment of the present invention as applied to a fluidized - bed 

_ incinerator. u 

As shown, 35 is the main body of the incinerator, 36 a fluidized bed, 37 wind boxes, 38 a freeboard 39 
an inlet for feeding waste to be incinerated, 40 a conduit for introducing water or water vapor and 42 an 
inlet pipe for supplying fluidizing air to the lower part of the fluidized bed 36 
w The waste to be incinerated, fed through the inlet 39 into the incinerator body 35, is gasified by thermal 
decomposition in the fluidized bed 36. The resulting gas flows upward through the main combustion zone 
43 secondary combustion zone 44, and tertiary combustion zone 45. Secondary air is supplied to the main 
and secondary combustion zones 43, 44, and tertiary air is supplied between the second and tertiary 
combustion zones 44, 45. y 

rs When water or water vapor is used, it is introduced into the main combustion zone 43 where apparently 
benzenes and phenols as precursors of dioxins are being produced. 

Fig. 4 shows the fourth embodiment of the invention as applied to a rotary kiln 

In the figure. 50 is a rotary kiln, 51 a waste feeder, 52 a gas recombustion chamber, and 53 an after- 
burning stoker provided in the lower part of the recombustion chamber 52. In the recombustion chamber 52 
20. combustion gas from a main combustion zone 54 is discharged by way of a secondary combustion zone 
55. Numeral 56 indicates a line through which secondary air is supplied. Spray nozzles 57 58 for 
introducing water or water vapor are mounted in end walls of the rotary kiln 50 and recombustion chamber 
52, respectively. 

« th ™TV° be incinerated is fed b V the feeder 51 t° the rotary kiln 50. Inside the kiln 50. the waste is 
25 thermally decomposed into a gaseous form by the radiant heat from the recombustion chamber 52 at a hiqh 
temperature and then is secondarily burned in that chamber. Water or water vapor as an injection agent is 
e.ther forced by the nozzle 57 directly into the decomposing - gasifying zone of the rotary kiln 50 where the 
precursors of d.ox.ns are easily formed or introduced by the nozzle 58 into the main combustion zone 54 
Figs. 5 and 6 show the fifth embodiment of the invention as applied to a fluidized - bed incinerator 
30 intended to clarify a typical arrangement of water spray nozzles. " ' 

Referring to the figures. 62 is the main body of the fluidized - bed furnace, 63 a fluidized bed 64 wind 
boxes 65 a freeboard, 66 a waste hopper, 67 an ash residue outlet. 68 a plurality of water spray nozzles 
mounted in the surrounding wall of the fluidized - bed incinerator body 62, and 69 a plurality of secondary 
air nozzles kewise mounted in the surrounding wall. The water spray nozzles 68 and secondary air nozzles 
35 69 are located with inclination at predetermined angles to the axial center of the incinerator (in a pattern 
represented by alternate long - and - short - dashes lines in Fig. 6) so as to produce a swirl flow in the 
furnace and achieve an enhanced gas - water mixing and stirring effects. 

Fig. 7 illustrates the construction of an embodiment of the water or water vapor spray nozzle for use in 
he present invention. This spray nozzle is of a type which can maintain water supply to the spray tip at the 
ront end constant by keeping a constant water supply pressure and adjusting the return water pressure 
(water quantity), and hence can maintain the size of sprayed water droplets constant regardless of the flow 
rate In the figure. 69 is the main body of the spray nozzle. 70 a protective sleeve. 71 an inlet pipe for 
introducng spray water, 72 a return pipe, and 73 a refractory wall of the furnace body. The quantity of 
spray issuing from the nozzle is increased or decreased by adjusting the opening of a flow regulating valve 
(not shown installed downstream of the return pipe 72. In the practice of the invention water or water vapor 
is constantly injected at a controlled rate. 

Fig. 8 is a flow chart of a testing equipment used to confirm the advantageous effects of the present 
.nvent.on. Rrst, waste to be burned is fed to a cylindrical fluidized - bed incinerator 81 via a metering 
hopper 82 and a feeder 83. The combustion gas leaving the top of the furnace is cooled as it passes 
through two ind.rect air-cooled gas coolers 85. 86 in tandem. After dust removal by a bag filter 87 the 
cleaned gas is discharged by an induced draft fan 89 to the atmosphere via a stack 90 

Meanwhile, water vapor is used as an injection agent and is injected at a predetermined rate into 

b IZZ^oo p 1 b °° Sled in Pr6SSUre bV 8 f ° rCed draft fan 91 and heated to a Qiven temperature by an 
? f .1 5 Purposes of the experiments the amounts of dioxins produced were measured at the 

' JJJ 1 9 87 - The Symb °' 813 indiCat6S 3 (P r °P ane > 9^ burner and G. a gas sampling point 

With the testing equipment described above, experiments were made on ordinary combustion without 

zaJ^uT , T° r ° n C0mbustion at varied ra tes of water vapor injection. Resulting 

concentrations of d.oxins (PCDDs + PCDFs) are graphically represented in Fig. 9. As for the combustion 
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75 



20 



gL n w2 n 7% Sed ' ^ f,Uidi2ed " bed ^perature was 700*0 and the 0 2 concentration in the combustion 
The water vapor injection rate was varied over the range of 0.1 to 0 46 ko H,0/ko w^tP in n/r . 



Claims 



va™T»*eT^7 n T S Whi ' e C T°" in9 Pr ° dUCti0n ° f di ° XinS - characterized in that water 
vapor or water is sprayed in the main combustion zone of an incinerator. 

2 ' toge^wt Tinf r a,in9 , WaSteS h3V,n9 3 f ° r SUPP ' yin9 main combustion air, either aione or 
ZTnTZT ♦ 1 PP,ym9 r6CyCled combus «°" 9as. to an incinerator from below the hearth 

25 %™Lt:szz d ,n that a Iine for supp,yin9 water — ° r wat - is p - ided in co w m i e ni h crn h 

3 ' com« " th3t 3 ,ine f0r SU PP'^9 —r -por or water is provided in 

" t^eaTZreT SUPP ' yin9 °' ""^ C ° mbuSti ° n 9aS to the incine ^ "°m below 

30 

IrotiS^ Th" 33 ° ,aimed in Cl3im 5 ' Characteriz ^ in that a line for supplying water vapor or water is 
provided in the upper part of the main combustion zone of said incinerator 

An incinerator for wastes characterized by a plurality of nozzles for introducing water vapor or water 

%£ZSZZZ5 n °f eS bei " 9 arran9ed 3t 0"*«™>™« -gles to'one anoS s°o r a TS 
proauce a swirl flow of the water vapor or water inside. 
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® Method and apparatus for waste incineration. 

® A method of incinerating wastes while controlling 
the production of dioxins wherein water vapor or 
water is sprayed in the main combustion zone of an 
incinerator (2). An apparatus for practising the meth- 
od including a line for supplying main combustion air 
by fan (3), either alone or together with a line for 
supply.ng recycled combustion gas from blower (4) 
to the incinerator wind box (12) below its hearth is 
provided with a line for supplying water vapor' or 
water in communication with either (A) the fluidizino 
air line or (B) the flue gas recirculation line. 



Mitsubishi Jukogyo K.K., 
12, Nishiki-cho 

Naka-ku, Yokohama-shi, Kanagawa-ken(JP) 
Inventor: Nishikawa, Susumu, c/o Yokohama 
Res. & Dev. Center 
Mitsubishi Jukogyo K.K., 
12, Nishiki-cho 

Naka-ku, Yokahama-shi, Kanagawa-ku(JP) 
Inventor: Honda, Hiroki, c/o Yokohama Res. & 
Dev. Center 

Mitsubishi Jukogyo K.K., 
12, Nishiki-cho 

Naka-ku, Yokahama-shi, Kanagawa-ku(JP) 
Inventor: Terasawa, Yoshinori, c/o Yokohama 
R&D Center 

Mitsubishi Jukogyo K.K., 
12, Nishiki-cho 

Naka-ku, Yokahama-shi, Kanagawa-ku(JP) 



© Representative: Meissner, Peter E., Dipl -inq 
et al 

Meissner & Meissner, 
Patentanwaltsbiiro, 
Postfach 330130 
D-14171 Berlin (DE) 



F I G. I 




5DOCID: <EP 0541 194A3_I_> 



Rank Xerox (UK) Business Services 

<3. 10/3.6/3.3. II 



f 



3 
1 
2 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 92 25 0321 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate, 
of relevant passages 



US-A-4 960 057 (OHSHITA ET AL) 

* column 2, line 1 - line 13; figure 1 * 

DE-A-2 533 010 (C0MM0NWELTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANISATION) 

* page 6, line 13 - page 7, line 6 * 

* page 8, line 24 - line 29; figure 1 * 

US-A-5 038 690 (KUMAGAI ET AL) 

* column 1, line 51 - line 65 * 

* column 3, line 35 - column 4, line 26 * 

* figure 1 * 

DE-A-3 125 429 (ERK ECKROHRKESSEL) 

* page 4, line 3 - line 31; figures 1-3 * 

FR-A-2 316 542 (VON ROLL) 

* page 4, line 2 - page 5, line 32 * 

* figure 1 * 

US-A-4 658 736 (WALTER) 

* column 2, line 33 - column 3, line 31; 
figure 1 * 

WmiS CO) < ISH '^"«-H*«H* HEAVY 



The present search report has been drawn up for all daims 

Place of search 



THE HAGUE 



Date of auqplettoa of the tearcfc 

03 SEPTEMBER 1993 



Relevant 
to claim 



l 

3,6 
2,3 



1-3 

1,9 
4,7 

5,8 



CATEGORY OF C1TKD DOCUMENTS 

X : particularly relevant if taken aJone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non- writ ten disclosure 
P : intermediate document 



CLASSIFICATION OF THE 
APPLICATION (Int. CLS ) 



F23L7/00 
F23G5/30 
F23G5/16 
F23G5/00 



TECHNICAL FIELDS 
SEARCHED (Int. CI.5 ) 



F23L 
F23G 



VRUGT S.C. 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document died for other reasons 



& : member of the same patent famiiy7CTrre^ndVng * 



3DOCID: <EP 0541 194A3J_> 



